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FOREWORD

The book covers the most important field of cryogenics, i. €.
separation of gas mixtures.

One way or another, the emergence and development of cryo-
genics was connected with the liquefaction of more and more gas-
es, including the atmospheric air components. The unique experi-
ments made in the low temperature laboratories were later used as
the basis for the development of new industrial technologies. At the
beginning of the 20% century, it became clear that the extraction
of oxygen, argon and other gases from atmosphere by cryogenic
methods was not only technologically feasible, but also economi-
cally viable. Metallurgy, lighting, and chemistry could not develop
without new products extracted at low-temperature facilities. Dur-
ing the next decades, the “gas mission” of cryogenics was extended
even further. Industrial and rare gases consumption is growing an-
nually in various fields, from medicine to space technology.

In spite of the importance of cryogenics, the publication of a
new textbook or a reference book is not a frequent event in this
field. The latest research results are mostly dispersed over vari-
ous journals, and they are often “islands” of isolated informa-
tion that is not easily applicable in practice.

The authors of the monograph have made an attempt to organise
separate pieces of existing knowledge and present them in a clear
logical sequence, so that every new part is based on the studied (well
known) information and supported by illustrative material.

A special feature of the monograph is its close connection with
adjacent sciences, including both fundamental disciplines (chem-
istry, physics, and thermodynamics), and practical fields (industrial
adsorption, chemical production, gas chromatography, etc.). Such
acombination of the fundamental and specialised knowledge in one
monograph allows us to recommend it to a wide circle of readers
who wish to get an insight into the new achievements of cryogenics.
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INTRODUCTION

This millennium mankind is facing a problem of exhaustion
of our planet’s natural resources. The developed countries allot
more and more of their financial, scientific and industrial po-
tential to providing themselves with energy and raw materials.
The materials which, until the past century, were available virtu-
ally on the surface of the Earth are now extracted from either
deep wells and mines, or great ocean depths. People will have
to seek some chemical elements outside our planet already in
the 21% century. However, we seldom think that the surrounding
atmosphere, besides oxygen and nitrogen, offers really valuable
products, namely, inert gases.

At the end of the 19" century, scientists believed they knew
everything about the surrounding world. At that time, when the
air composition was considered to be fully known, and the pres-
ence of new elements in it seemed impossible, W. Ramsay was
awarded (in 1904) the Nobel Prize in chemistry. The award cita-
tion listed his discovery as confirming presence of several et

in the atmosphere and their correct placement in the Peri-
odic table of chemical elements. Ramsay’s finding of the family
of noble “brothers” — arzon, helivm, l, ton and 1-
occurred at the time when the Periodic table seemed to be com-
pleted, and there were almost no empty cells in it. (Such unique
incomplete versions of the table are now available in Moscow
Polytechnical Museum). D.I. Mendeleev and W. Ramsay met in
London in March 1900, and then it was officially decided to in-
clude a new group of chemical elements into the Periodic table.
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Besides the listed gases, radon (Rn) and ununoctium (Uuo)
have been attributed to the VIII group of the periodic table as
well — see Supplements 1.1, 1.2. The latter element was discov-
ered by Russian and American scientists only in 2006. Like ra-
don, Uuo is a radioactive element, and no practical application
has been found.

The VIII group of elements owes its name to the common
feature of its elements — their inertness to chemical reactions
with other elements. This low chemical activity of inert gases
is explained by their electronic structure (their external (valent)
electron shells are completely filled). Inert gases are colourless,
odourless and non-toxic. Actual indifference to other elements
and chemical compounds complicates the practical separation
of the mixtures containing these gases.

This book is devoted to the analysis of different methods of
extraction and production of pure inert gases. The authors have
made an attempt to present the physical essence and techno-
logical methods of gas mixture separation in a clear logical order.
Many specific examples have been added to the monograph in
order to facilitate understanding and practical use of the materi-
als.
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